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Biographical Memoirs
A few days later, in the hospital ward, the operation was imminent. He was familiarizing himself with the bed where he would recover after the operation; he would have to lie on his back. He was worrying about whether he would be able to correct the proofs of the new Russian edition of Fluid mechanics, which should arrive any day. He wondered how they would reach him. His mood was not at all romantic, rather mocking at his own expense. His thoughts -those that he revealed -were of plans, the future, work and of the Zhurnal eksperimentaVnoii teoreticheskoifiziki (JETP) . George Adashko, the editor of the English version Soviet physics JETP, was to arrive shortly in Moscow from New York. Evgenii Mikhailovich was wondering how to get to see him.
Landau did, of course, play a decisive role in Lifshitz's life and creative work. It is impossible to imagine how his life would have turned out if the 25-year-old Landau had not appeared in 1933 at the recently established physicotechnical institute in Kharkov and the 18-year-old Zhenya Lifshitz had not become his graduate student. There are two curricula vitae by Evgenii Mikhailovich. One is dated 1945 and annotated 'Reviewed 22.3.51 -E. Lifshitz'; the other, 1976 . Each contains an almost identical sentence: 'In 1933 I began as a graduate student at the Ukrainian Physicotechnical Institute in Kharkov, under L.D. Landau. I completed the course and took the Ph.D. examination in 1934'. Observe his rate of progress: began in 1933, finished in 1934! More of this later, however. Lifshitz would have been the first to protest if he had learned that anyone was trying to write his biography without reference to the decisive influence of Landau on his development as a physicist and as a person. Regrettably, Lifshitz's words do not actually mention this. But our memory is clear: he was happy that fate had brought him and Landau together. Yet there is a feeling that this closeness, though important and significant, somewhat obscured the image of Lifshitz. He was, almost literally it seems, in Landau's shadow. This is particularly felt by physicists of the older generation, who knew Landau and Lifshitz for a considerable time before 1962. It is a feeling difficult to overcome, unless we remember that Lifshitz's death came 23 years later than the road accident on 7 January 1962 from which Landau did not recover. These years saw the appearance of an important part of Lifshitz's work, dealing with singularities in the cosmological solutions of the equations of general relativity theory, and with collapse*; and, above all, the completed publication of the Course o f theoretical physics. We return to all this later.
The biography of a scholar consists, of course, of his works. When Einstein wrote his autobiography, he omitted all everyday matters. He wrote the history of his scientific researches and (to a lesser extent) achievements. We enumerate the principal stages of Lifshitz's life and deal in some detail with his outstanding feat as a scientist, the writing and publishing of the Course o f theoretical physics', we mention his chief scientific labours, but the survey will probably not succeed in reflecting the true image and the true nature of that remarkable man.
W e have already m entioned that two curricula vitae of Lifshitz are extant (1945-51 and 1976) . Each takes up less than one page. Each includes the sentence 'Since 1939 I have w orked entirely at the Academ y of Sciences Institute of Physical Problem s in M oscow '. From 1939 '. From to 1985 is 46 years! This is why the curricula vitae are so concise. His scientific life (and m uch of his personal life) was based for m any years at the Institute of Physical Problem s, V orob'ev H ighw ay 2, near Kaluga Gate*. The flat, the JETP editorial office and the Institute itself were the three places round one courtyard where Lifshitz spent his life (including in particular the Institute library, for which he was the com m ittee chairm an in perm anency).
If you w ent into the Institute courtyard on alm ost any day you would come across Evgenii M ikhailovich. N ot in an overcoat, w hatever the season, though in w inter with a beret and with a scarf round his neck, he would be walking with rapid steps from one building to another, but never, one felt, just because he was a bustler; he was genuinely incapable of w asting time. K now ing his vast work on the Course in its m any languages (for he made changes and corrections in every new version), the time spent on writing further volumes, the dem andingness and thoroughness with which JETP was conducted, we all understood that he had no tim e to waste. This did not m ean that, when he crossed the courtyard, he failed to notice people, or avoided m eeting them and conversing. Far from it; often one could see a group of two or three in conversation and could join in. Even chance exchanges in the corridor or in the courtyard were never about nothing. How ever, when the topic was exhausted, when the m atter was settled, or when it becam e clear that nothing more could be added, the conversation ended, and Evgenii M ikhailovich continued at his rapid pace, usually with a purpose, until the next person crossed his path.
In the 1950s and 1960s, a certain youthful style of dress becam e custom ary, especially am ong scien tists: je a n s, hig h -n eck ed shirts and various types o f jack et. Evgenii M ikhailovich's dress had a certain stuffiness about it: a suit, a shirt and a tie (he favoured spotted ones) were his alm ost invariable outerwear. In summ er, adm ittedly, if it was hot, he would go so far as to w ear a shirt with a turn-down collar and short sleeves. He always seemed to follow the principle of 'm oderation in all things'. Even if he dressed a little stuffily, he did not overdo it.
In his estim ation of others, Evgenii M ikhailovich rated highly the ability to be organized and not to let people down. Som eone who has prom ised to do a certain thing should keep his prom ise and on time. He him self always did so and he expected, alm ost demanded it of others, although in truth he personally did not demand anything for himself. W hat we mean is this. W hen Evgenii M ikhailovich was working on a further volum e of the , he turned for help to (carefully chosen) experts. They would prom ise to send (or deliver) the appropriate m aterial, would agree on a date, and then often (probably through being occupied with other things which seemed to them more important or more urgent) would fail to keep the promise. This was anathema to E.M. He valued and praised all the more those punctual ones on whom he could rely. It is not surprising that the experts whom he 340 Biographical Memoirs consulted were very carefully selected. The author of the fairly dogmatic Course had to be sure of getting his material at first hand and of the highest standard (although, whoever had written it, it was always rewritten by E.M. before being added to the volume). And if the first private estimate of the person whom he consulted proved to have been too low, if that person was an even greater expert than E.M. had thought, if the material supplied met his standards of clear and precise exposition, he was overjoyed; every mention of that person's name was accompanied by complimentary epithets, and he tried to help such people wherever he could. Sometimes friendship resulted, even if there was a difference in age between E.M. and his able correspondent. Respect for professionalism was one keynote of his relationship with others. For this reason, he was particularly critical of negligence in dealings and obscurity in expression.
In a matter for which he was responsible he became really demanding (a word that in this context can quite justifiably be used). For many years E.M. was in charge of the JETP editorial operations. The chief editor was P.L. Kapitza, but the day-to-day work was controlled by Lifshitz. He was very precise in his work and would grasp at lightning speed the aim of the paper, usually finding an appropriate referee; from the referee's not always very definite remarks he would extract the essence and if necessary dictate a reply to the author. It would be precise, proper, without a single superfluous word yet leaving nothing in doubt: rejected, meant rejected; too long, meant too long; too many diagrams, meant too many diagrams. He had to deal with many authors (by no means all of whom were in agreement with the opinion of the editorial board). There was no discussion at the administrative level: 'The editorial board has given its opinion; I can do nothing m ore.' E.M. always knew the paper and the matter concerned, and could defend the essence of his (i.e. the board's) view. One must add that this approach allowed for a change of opinion by the editorial board and the deputy chief editor. Furthermore, it was surprisingly easy to get to see E.M. He spent so much time in the JETP office that one had only to open the door to see him sitting at a bureau with the desk surface pulled out, his back to the door, immersed in editorial matters, or half turning to the office secretary, dictating another letter.
There were two physicists and Academicians named Lifshitz. Evgenii Mikhailovich had a younger brother, Ilya Mikhailovich (1917 Mikhailovich ( -1982 . Both were bom in Kharkov, from where an anecdote found its way to Moscow. An old school-friend of their mother, Berta Evzorovna Lifshitz, met her in the street after many years' separation. On returning home, she told her husband: 'What a liar Berta is! She says that her sons are both Academicians and both have won the Lenin Prize.' But Berta Evzorovna was telling the truth. They were both Academicians; they had both won the Lenin Prize. The younger brother was sometimes ahead of the elder. He became a corresponding member of the Academy of Sciences in 1960 Sciences in , E.M. in 1966 an Academician in 1970 an Academician in , E.M. in 1979 . The Lenin Prizes came in the opposite order: E.M. in 1962,1.M. in 1967. Ilya was elected to the National Academy of Sciences (Washington) in 1982, Evgenii a Foreign Member of the Royal Society in 1983. There was no trace of the 'my brother is my enemy' situation so much evoked by writers. The brothers were different kinds of person, but had the greatest affection and regard for each other. Each knew the other's strengths and weaknesses, admiring the former and excusing the latter.
From 1986 onwards, E.M . was form ally a m em ber of the departm ent headed by I.M. This arrangem ent never led to any m isunderstanding, and their proxim ity helped in their scientific contacts. Evgenii discussed m any problem s with Ilya, whose perceptive judgem ents in m acroscopic physics he valued greatly. These consultations are recorded by way of acknow ledgem ents: in m ost volum es of the Course, I.M. Lifshitz is m entioned among those regularly consulted.
The illness and death of Ilya (1982) was a time of great anguish for Evgenii. It would not be too m uch to say that the sharp deterioration of his health after 1982 was caused by the loss o f his beloved brother. W hen Ilya had his first heart attack, and it becam e clear that his was a serious case, Evgenii tried to persuade the younger brother to live m ore quietly (but it was evident a few years later that he was not able to change his own life-style, and he had equally little success with his brother). He was particularly insistent that Ilya should not fuss about what he, Evgenii, regarded as trifles. He considered that it should be possible to distinguish serious m atters from trifles. This seems to have been to some extent correct. E.M . was not m uch concerned with m atters of prestige. Extrem ely m odest in m anner and also in his pretensions*, he seem ed to accept being passed over by 'the great ones of this w orld', took very little part in academ ic lobbying, tried to find and did find pleasure in what he had: his work, his orderly fam ily life, m usic, and travel abroad.
This catalogue m ay give the im pression of a scholar who for his own peace of m ind fenced him self o ff from the com plications and m isfortunes o f the world. Any such impression is to be eschewed. That image would not at all correspond to Evgenii M ikhailovich. He, like Ilya, was m uch concerned about what went on in the world and in his country. His assessm ents were accurate and not based only on the m om entary state of affairs. He was very strict with him self and also in form ing his opinion, seeking as far as possible to make it a definitive one independent of circumstances. At home, with friends, or in the public world, he strove to rem ain him self, which was not always an easy task. There seem to have been in his life no actions or interventions that he would have liked to forget. Few are those who can say as m uch in this arduous age of ours.
M any would, if believers, turn to God with this fam iliar prayer: 'Grant me the serenity to accept things I cannot change, the courage to change things I can, and the wisdom to know the difference.' Evgenii M ikhailovich had the wisdom to know the difference; at least, in our opinion, he had it more than many others. And the dividing line was not drawn conservatively: he did what he could, intervened whenever in his view there was the slightest chance of achieving an improvement.
Evgenii M ikhailovich was a man of principle. Som etimes, just a little too much so. For instance, he would in principle deny a scientist the right to put him self forward for a prize or for a higher rank, and even more so to persist in requesting support in such matters. Instead of soothing the persistent one ( 'Yes, yes, of course, I 'll do w hatever I can ...', as one usually does), he would state his opinion clearly and also, if he had any say in the m atter (for example, in elections to the Academy of Sciences), he would say clearly how he intended to act. Naturally, the requester did not always go away soothed.
The man of principle was perhaps even more clearly seen in his assessment of work in theoretical physics. Nothing could make E.M. act against his conscience, or say that bad work was good, or even say nothing and withhold his opinion, negative though it might be. And this, of course, regardless of who was the author. Such an uncompromising approach showed particularly clearly the 'Landau attitude', the 'Landau style' of relationships in science, a style that regrettably does not always commend itself to those whose work is criticized, especially if they are unaccustomed to criticism, for instance on account of their official status.
The desire to give a true portrait compels the thought: what negative characteristics had Evgenii Mikhailovich? O f course, a certain chilliness; perhaps an excessive dogmatism in his opinions, tending towards an inability to entertain doubts. W hen making a statement, he did not consider how it would be interpreted, or how the other person would feel after the conversation. Evgenii M ikhailovich really had no pupils, although some theoretical physicists now active, such as Dzyaloshinskii and Pitaevskii, regarded themselves as his graduate students. But all of these felt themselves to be, and essentially were, the pupils of Landau. This lack of pupils is rare, especially in the case of a gifted and productive scientist. Why had E.M. none? There seem to have been at least three reasons. One lay in his nature, the others in the way his life evolved. He was an extremely independent person; what he had to do, he did himself; he was incapable of relying on help. The scientific contact between teacher and pupils consists largely of instructions: 'do such-and-such', or at best 'let us do such-and-such together'. This type of relationship was quite foreign to the character of Evgenii Mikhailovich. That, we believe was one cause. The second, and probably the chief one, was that in the years when E.M .'s character was formed he felt him self to be a pupil: the pupil of Landau. It was a deep feeling, one of vocation, of station in life, of role. Thirdly, Evgenii Mikhailovich used his powers as an educator in the Course, and his powers as an organizer in his work as deputy chief editor of JETP. If we try to penetrate into his thoughts, without relying on his own utterances, we may perhaps suppose that E.M. perceived his prominent part in the development of the world's physics (though it certainly never entered his head to use any such high-flown description).
A scientist's life is not made up only of his work and his private life. There is also an intermediate part, comprising relationships with colleagues, interwoven with what is called ' actual w ork'. Scientists who have many pupils need to think about matters concerning them, about thesis examinations, about finding jobs for them. Here the intermediate part is very significant, and occupies much time and thought. However honestly you go about it, there can arise relationships of the mutual benefit type (no condemnation is intended here). Such relationships were not characteristic of Evgenii Mikhailovich. He opposed favouritism in any form, believing that it breeds idleness. He enjoyed telling a story about a man who prayed to God to let him win a prize in a lottery. Eventually God gave in. The heavens parted, and God roared, 'At least buy a ticket, you bastard!'
There was, however, one instance which showed Evgenii Mikhailovich as recognizing the need for exceptions to his general rule. Some years ago, a young man (the son of an old acquaintance, a biology professor at Kharkov) approached him , who had not been accepted by the Institute, although he had dropped not a single m ark in the examinations! Here was a clear case o f injustice. E.M. becam e highly indignant, ran (literally) to Kapitza to ask for help (he did not trust in his own direct influence), went to a great deal of trouble and finally m anaged to get the decision o f the admissions com m ittee reconsidered. The young man was accepted, and was am ong the m ost successful students.
It was difficult to talk to Evgenii M ikhailovich about any particular theoretical topic. Som etim es, one had to endure a conversation such as the following: 'E.M ., please explain to m e ' (some question on theoretical physics). A fter a m om ent's reflection, as if scanning the contents pages, he would reply: 'It is dealt with in volum e so-and-so of the Course. I have nothing to add to what is given there.'
In recent years, at least, he would talk only on the subject he was working on at the time, honestly recognizing that his m ind was fully occupied with thinking about some specific problem ; he could not, or rather would not, switch to anything else, perhaps believing that it would m ake his work less effective. The point is that when he wanted to switch, he did, and som etim es with unusual effectiveness.
Dirac cam e to M oscow and gave a lecture at the Institute. A large audience was present, and a Russian translation was asked for. (The lecture was not easy to understand even if English was o n e's m other tongue.) E.M. undertook to provide this*, but Dirac asked him not to interrupt (he found it hard to speak in short paragraphs, and there were no facilities for sim ultaneous interpretation). E.M. then asked Dirac not to rub out the key formulae w hich he wrote on the blackboard. After about an hour's lecture, E.M. gave a full and clear sum m ary in the exact sequence used by Dirac. He spoke for some twenty m inutes, and nothing essential was omitted.
Evgenii M ikhailovich gave quite a lot of attention to teaching; the curricula vitae (see below ) list several higher educational institutions where he taught. Teaching at several institutes was typical of Soviet scientists in the 1930s and imm ediately after the War. The rapid increase in the num ber of educational institutions made it necessary for some teaching to be done by scientists from Academy of Sciences institutes, but they too were insufficient in num ber and had to work in several places. Since rates of paym ent at that time were rem arkably low, working in several places was the only way to achieve a reasonable standard of living. Scientists therefore undertook this 'pluralism ', not without some degree of enjoym ent. A fter 1956, E.M. gave up teaching entirely, devoting to JETP all his time that was not occupied with the Course or with his research work. Unfortunately, we did not have the chance to attend his undergraduate lectures, as he was an excellent speaker. The rigour of thought, the logical sequence of ideas, the complete m astery of his m aterial, revealed the thorough preparation without which it is impossible to deal with a predeterm ined amount of m atter in a predeterm ined time. He was never known to run out of time; his rapport with the audience was complete. Knowing the level of his audience (whether theoreticians or experimentalists, specialists in the subject or not), he arranged his exposition so that they could grasp the essentials. He made it seem that giving a paper is easy, so natural and straightforward was his manner. Evgenii M ikhailovich's widow, Zinaida Ivanovna, testifies that sometimes he knew only at the last minute what sort of audience would be present. He admitted that he had planned the paper in three forms with different levels of complexity; and he used one or the other, according to his audience's level of expertise.
Zinaida Ivanovna tells this story. E.M. gave a lecture on cosmological problems (in England, in the spring of 1985). Before the lecture, he felt an attack of angina coming on, took some nitroglycerine, felt a little better, and went to the rostrum. Z.L had with her a syringe and a supply of the necessary drugs. Before the start of the lecture, she felt he would have difficulty in giving it and she was afraid it would have to be cut short. But, once he had started, everything seemed to come right and the lecture was a great success. 'Is it better now ?', she asked afterwards. 'N o,' replied E.M., 'it hasn't had time yet!' The deceptive ease with which he had given the paper was the result of his professionalism and thoroughness of preparation.
Evgenii Mikhailovich was incapable of not working. In the early summer of 1985, a few months before he died, he planned to take a holiday at Lielupa (the Academy of Sciences guest-house near Riga). One of us (Kaganov) had stayed there before and was intending to go again that summer, so there was frequent discussion of the trip. However, a serious difficulty arose. The work that E.M. was engaged on at the time needed access to several weighty volumes. It was awkward to take them and not worth going without them. 'What shall I do there if I can't w ork?', he asked. The trip was in fact cancelled; the doctor would not agree to the change of climate and environment, and the lengthy journey.
It should not be supposed that this inability to get away from work even on holiday was a thing of Evgenii M ikhailovich's last days only. As a young man he was capable of taking a vacation (he and Landau travelled through the Caucasus and the Crimea by car, often went into the mountains, spent much time at the seaside, and were able to enjoy all of life's pleasures). But some work was always done, with notebooks, textbooks and everything necessary being taken along. E.M. worked, either with Landau or alone, in a tent, on the shore, anywhere, and almost every day. Alcohol was not among the pleasures of life for him; he hardly ever took an alcoholic drink. For m uch of his life he was cautious as regards food, for fear of becoming fat, although he was very fond of sweet things. If he was to dine out where a delicious meal could be expected, he arranged a lighter diet during the day, so as to be able to eat with enjoyment without any pangs of conscience about overeating.
Perhaps the chief joy of life for him was travelling. He visited all parts of the Soviet Union: the Altai, Pamir, the Soviet Far East, Kamchatka, Sakhalin, the Kurile Islands, the Caucasus, the Crimea and of course often, the Baltic republics, as well as other countries.
Evgenii M ikhailovich was very fond of and know ledgeable about m usic*; he was also interested in literature and history f. He read widely, giving serious attention to the books and discussing them with his friends.
He was fond of poetry, usually for its content as well as its form. He liked to recite Sam oilov's lines: It's all over. The eyes of genius have closed. And when the skies have darkened, As if in a now deserted building Our voices have become audible. Let us drawl, drawl the hackneyed word, Let us speak languidly and vaguely. How they feast us and treat us graciously! They do not exist. Anything is permitted.
He surely associated these eight lines with the situation in physics after the departure of Landau, although it m ust be added that he did not say so explicitly, perhaps m ainly because he did not wish anyone to be offended; E.M. had a very high opinion of m any comparatively young theoretical physicists who regarded them selves (quite rightly) as continuing the theoretical physics o f Landau.
There is a story often told, in which a party of scientists are returning by train from a conference on low -tem perature physics in Bulgaria. Som eone has a copy o f Pasternak's translation of Faust. He reads aloud from it. E.M. listens with the rest, then recites a passage from the G erm an original which he knows by heart, proof not so m uch of his powers of m em ory as of his delight in the m asterpieces of classical G erm an poetry.
In the m iddle o f 1984 one of us (M .I.K.) realized with regret that the scientific literature contained no m ention of the com pletion o f Landau and L ifshitz's Course o f theoretical physics. I decided I m ight write on this subject in Uspekhifizicheskikh nauk, the m ost suitable journal for such an article. To be honest, I had (and still have) doubts: should not a review o f 'Landau & L ifshitz' be written by someone more em inent than m yself? I first sought the advice of Pitaevskii. He approved the idea, but said that Evgenii M ikhailovich should decide. The conversation with E.M . was brief. 'It all depends on what is to be written and how. But in general I like the way you w rite', he said. He even helped me with the article, providing the details of the first publication of each volume, listing the languages into which the various volumes had been translated, perm itting the reproduction of extracts from letters and some earlier (foreign) reviews, and describing how the Course started. Having written the article, I showed it to E.M. and was very glad to find that he liked it. In addition, he told me with some em barrassm ent that he would soon be 70; the Uspekhi would norm ally be expected * He had an excellent collection of records (more than a thousand), and constantly added to it. The classics (Bach, Mozart, Beethoven) were represented with unusual thoroughness and by the best performances in the world. Many musicians, before appearing, visited the Lifshitzes' flat to hear how their piece sounded when played by leading executants, Some glimpses of his childhood and youth can be taken from a letter written by his cousins, the Abesgauz sisters, to Zinaida Ivanovna on 25 October 1986 (a year after E.M .'s death).
Zhenya [E.M.] resembled his father in appearance and character. Mikhail Ilyich was a highly educated man, and a professor of medicine known not only in the Ukraine but throughout the Soviet Union. He cured Balitskii, the Ukraine commissar for internal affairs, and Dzerzhinskii; he advised * E.M. never celebrated birthdays. He would simply disappear to somewhere far from Moscow.
Frunze and other members of the Ukraine government. Kharkov was at that time the capital of the Urkraine. Mikhail Ilyich was a laconic person. He was one of the best gastroenterologists in Russia. He often went on missions abroad, taking the family with him. He knew English extremely well. In the family, conversation with the children was in English, and so they acquired a good knowledge of it. They also had an excellent English-teacher, Gordon, from their childhood until 1937. He was an emigre from Britain. The family also had an excellent music-teacher, Alisa Nikolaevna Goldenger, who educated their musical taste and gave them a love of music, for which they had more than ordinary talent. They [E.M. and I.M.] even wrote music and thought of becoming musicians. But they were simply talented men who easily found their way to and appreciated anything they became aware of.
Zhenya entered school in the sixth class; before that, he was taught at home. He took only the sixth and seventh classes in the seven-year course. He left school at fourteen and entered the chemical college, where he studied for two years ... Name-days were always special for the children. Their friends as well as the family took part. The children presented acted scenes; there were charades and riddles. Zhenya andLyolya [I.M.] took a leading role in all th is... In 1934 their father died. The whole family was grievously afflicted. Mikhail Ilyich loved to bring his relations together, and treated them well.
Zhenya as a child was somewhat unsociable, wrapped up in himself, but lively and responsive to his friends, either children or, later, adults. He showed from childhood that he was the person of principle he afterwards remained. He defended his view always to the end, was restrained, but often peremptory, in his judgements.
Zhenya did not eat much and was a thin boy. As the elder brother, he was the more independent. The two of them had a good collection of books. They played table tennis on the big table in the dining room, a large apartment of nearly 500 square feet, where Aunt Berta (the boys' mother) lived after the W ar... Later she was often ill and Zhenya used to come very quickly and frequently from Moscow. He had a strong sense of duty, on top of everything else. This was clearly evident in all he did throughout his life. We have kept no childhood photographs, though there were many of each of the boys. Sad! -the War, the evacuation; everything disappeared.
In the curriculum vitae dated 1945/1951, Evgenii M ikhailovich notes in manuscript 1932 as the year he entered the physics and m echanics faculty ( 'In the autum n of 1 9 3 2 1 went to Thus he took about a year and a half to finish the course 'having completed the exam inations and had a diplom a thesis accepted'! Then one year for the Ph.D. course! U nparalleled ability. One would term this astonishing young man a prodigy. But, as we know, when prodigies grow older they may lose (and sometimes squander) their gifts. This did not happen to E.M.; five years after the Ph.D., he took the D.Sc., and continued his work on theoretical physics in a m ost confident and highly professional way. The death of his father when he was only 19 m eant that he was to work on his own throughout his adult life.
W hen the two curricula vitae are compared, the later one is found to contain a passage that is unduly compressed. The earlier one reads: 'From February to May 1938 I worked in M oscow at the All-Union Leather Institute, and from Septem ber 1938 to June 1939 at the Kharkov Chemical Technology Institute'. From Septem ber 1939, as already mentioned, E.M . worked entirely at the Institute of Physical Problems in Moscow.
This toing and froing between Kharkov and Moscow coincided with Landau's move from Kharkov to Moscow, his unjust arrest, and his fortunate release a year later. It was a difficult period for Evgenii M ikhailovich. For some three months he did no work at all, living in the Crimea with his first wife, Elena Konstantinovna Berezovskaya, and trying to keep out of the public eye. Russians who were adults in 1937-38 can readily imagine his mental state. He rarely referred to that time, and spoke only with profound admiration of the courage of Kapitza in saving Landau's life. His most precious relics were copies of Kapitza's letters to the heads of the Soviet Government arguing in Landau's defence.
There is nothing in the curricula vitae about his family status. The explanation of this is found in an excerpt from an official reference dated 15 January 1981: 'He has a son*. He is rem arried... The divorce from his first wife was made legal by mutual agreement on the basis of existing family circumstances. ' One other omission from the curricula vitae should probably be made good. It does not mention that Evgenii Mikhailovich was evacuated with the rest of the Institute to Kazan during the war. The omission probably occurred because the whole Institute was evacuated. This did not interrupt its work and therefore did not need to be mentioned in an official document.
E He attended to everything: the print run, the number of pages, the English translation, the publication date, trying by all means to shorten the 'waiting tim e' between receipt of a paper and publication. And most of all he took care of the content of the journal, the level of the papers that appeared in it. This was especially laborious. The vastness of science devalues an article. E.M. used to bewail the fall in the level of the 'average' paper sent to , and complained that it was becoming easier to write a paper than to find a reader for it. The only way to maintain the journal's standards was to be uncompromising. All papers, whatever the author's standing, are refereed; the scientific editors consider not only the essence of a paper but also its form, fighting where they can against jargon, trying to guard scientific Russian against contaminating neologisms and uncritical borrowings, striving to use accepted notation and arrive at clearly and fairly compact explicit results. And to make sure * Evgenii Mikhailovich's son Mikhail was bom in 1946, graduated from the Institute of Medicine, is a pathological anatomist, married, with a daughter, and works at the Institute of Forensic Medicine. In his spare time he is keenly interested in sculpture.
that each paper gives a specific result and is not restricted to woolly reasonings or assertions of what needs to be done. One could say that under E.M. JETP tried to imitate the Course.
All this he dealt with daily, year after year; selecting trustw orthy referees, training the editorial staff, carefully choosing assistants whose principles were the same as his own. It is no exaggeration to say that JETP was E .M .'s creation. And if the style, then it and the Course o f theoretical physics will stand as the spiritual m em orials of Evgenii M ikhailovich Lifshitz.
In recent years, travel abroad becam e an im portant part o f E .M .'s life. W hile being attracted by the tourist side o f travel abroad*, he put m uch effort into lecturing, meeting colleagues, discussing problem s of science and of life in general. Alm ost every trip formed new friendships which were continued after his return to Moscow. Many of these new friends corresponded with him , and visited him when in the Soviet Union; and he was happy to m eet them again at international conferences.
The topics o f his lectures and papers abroad varied in the course of time. In recent years, he usually spoke on problem s of cosmology. His lectures were always very profound and popular. M artin Rees wrote on 4 January 1985 regarding his last (literally, alas) lecture given at the Institute of A stronom y in Cam bridge: 'Your lecture was trem endously appreciated, and will long be rem em bered by all who heard it.'
On every trip, E.M. gave a lecture about his teacher, Lev Davidovich Landau. These lectures, in particular, drew large audiences, evoked great interest, and not only served as m em orial tributes but also asserted, propagated, or propagandized a certain Landau style in physics and in science, a style that Evgenii M ikhailovich em bodied until the end of his life.
A feature of L ifshitz's work as a scientist is the relatively small num ber of papers he published. The bibliography at the end of this obituary contains only 49 items, and of those five are review articles (17, 27, 31, 34, 41 )1*. It should, however, be borne in m ind that a large part of his scientific output is em bedded in the Course. At the same time, many of his publications were used to provide various sections of those volumes; where this has occurred, it is indicated in the bibliography and the relevant sections are given.
M ost of L ifshitz's papers deal with specific problem s in theoretical physics rather than with general theories. This is a consequence of the fact that in working on the Course he came upon as yet unsolved points which he felt should be incorporated in the volume he was working on. Consequently, m ost papers are quite extensive and one finds only two short notes among the papers. The first one is a brief paper (21) showing that the chemical potential of liquid 3He can over a fairly wide tem perature range be represented as a pow er series in T 2; this paper was a precursor of the Fermi liquid theory devised by Landau several years later. We quote an interesting -prophetic -sentence from this paper: 'Theoretically, liquid * One of us (M.I.K.) went with Evgenii Mikhailovich on a one-day trip in Bulgaria (Varna-Tmovo).
He worked very hard to see as much as possible, and to photograph it too. E.M. was very professional as a photographer and brought back a splendid set of slides from each trip. His skill increased year by year. His recent slides could well be shown at exhibitions of photography as an art. t Numbers in this form refer to entries in the bibliography at the end of the text.
helium-3 should have a specific heat proportional to the tem perature as it is probably a quantum liquid with a "Fermi-type" energy spectrum like that of the "electron liquid" in a m etal.' The second brief note (38) reports briefly more extensive work given in detail in several other papers.
O f the review papers, two (17, 27) deal with the behaviour of liquid helium at low temperatures, and especially with its superfluid properties. Two (31, 34) deal with forces between condensed bodies, a topic on which he published extensively ( infra), whereas the last review paper (41) dealt with cosmological problems to which he devoted so much time towards the end of his life. Several of his earlier papers were written with Landau. His first paper (1) dealt with pair production during a collision of two particles, a topic he returned to in his second paper (2), which he wrote by himself. In these papers, which appeared only a few years after the discovery of the positron, he discussed electron-positron pair form ation in heavy-particle collisions. In the first paper Landau and he study the ultra-relativistic limit, that is, the case where the relative velocity o f the two colliding bodies is close to the velocity of light. In this case one m ust use second-order perturbation theory, as first-order perturbation theory gives an effect in which the ultra-relativistic limit is much sm aller than the second-order effect. We can then neglect the difference between the particle trajectories and straight lines, that is, neglect the interactions between the two colliding particles, and the effect is due merely to the superposed fields of these particles. In this case the pair-production cross section varies as the cube of the logarithm of the energy of the colliding particles. In the follow-up to this paper Lifshitz considered the case where the relative velocity of the two colliding particles is small as compared to the velocity of light. In this case one must distinguish several regions. If the velocity is so small that the inverse time of collision is much less than m c2/h, where m is the electron mass and c the speed of light, the pair-production cross section is small and decreases exponentially with decreasing velocity. That region is therefore of no further interest. For larger velocities one should distinguish the case where the motion of the colliding particles can be treated classically and the case where we need quantum theory to describe it. It turns out, however, that the pair-production cross section is the same in these two cases. For these cases, Lifshitz first of all repeated the calculations from the earlier paper, that is, he calculated the second-order cross section, in order to be able to compare it with the first-order effect, where the wavefunctions of the colliding particles are perturbed by their interaction. The results of the calculations of both the first-and the second-order cross sections show (i) that the first-order cross section is now proportional to the cube of the logarithm of the relative velocity of the two colliding particles, but (ii) that in this case the second-order cross section is proportional to the tenth power of that velocity, and (iii) that the first-order effect dominates over the second-order one as soon as the relative velocity falls below 0.3 c.
Lifshitz returned a few years later to problems in nuclear physics and discussed nuclear reactions involving deuterons (7-9), such as the disintegration of the deuteron.
In 1936 Lifshitz wrote two papers on the photoelectromotive force in semiconductors. The first one was with Landau and the second one by Lifshitz alone. In the first paper they calculate the electromotive force arising in a circuit that includes a semiconductor when one o f its contacts is illum inated, both when there are no holes and when there are holes present. In the second paper, the same calculations are repeated for the case when there is an external m agnetic field present.
Possibly the m ost im portant o f the papers Lifshitz published with Landau as co-author is the one (3) that contains the so-called L andau-L ifshitz equivalent of m otion for the m agnetization in ferrom agnets. This paper also discusses the dom ain structure of ferrom agnets and the problem of ferrom agnetic resonance.
It is well know n that a ferrom agnetic crystal above the Curie point will consist of domains, each of which is practically m agnetized to saturation, but in such a way that the total m agnetic m om ent o f the crystal is zero. The shape of the dom ains -which was the concern o f the discussion by Landau & Lifshitz -is determ ined by the requirem ent of minimum energy o f the system as a whole. If the ferrom agnetic crystal has one axis of easy m agnetization, there are three sources of energy:
(i) the m agnetic energy, partly inside and partly outside the crystal; (ii) the anisotropy energy, deriving from the fact that not all m agnetic m oments in the crystal will be along the axis of easy m agnetization;
(iii) the exchange energy, deriving from the fact that not all m agnetic m om ents will be parallel to one another.
The m agnetic energy is easily dealt with, as we have split off from it in (ii) and (iii) those parts that derive from the fact that not all m agnetic m om ents are along the axis of easy m agnetization. It is thus the m agnetic energy outside the crystal: if the crystal were infinite, the state o f m inim um energy would be the one where all m agnetic m om ents would be along the axis of easy m agnetization.
Introducing the m agnetization per unit volume s, with com ponents s and we have for the anisotropy energy Emis and the exchange energy £ exch the following; where a and are constants, where we have taken the axis of easy m agnetization along the z-axis, where we have assum ed an isotropic Heisenberg exchange ham iltonian, and where we have gone over to a continuous notation for the exchange energy.
From these expressions Landau and Lifshitz find (i) the width of the Bloch wall, (ii) the width of the dom ains, and (iii) the shape of the closure domains. They also show that the domains have a layer rather than a needle structure.
They next considered what would happen to the magnetization, if an external field H is applied to the ferromagnet. The angular momentum per unit volume./ connected with s will be s/y, where y = ge/2mc, [3] where e is the electron charge and g the Lande g-factor. If there were no damping forces, we could put j equal to the moment (s X H) acting upo have the simple equation of motion
There are, however, damping forces due to spin-spin interactions and these will tend to align s parallel to H. Equation [6] can be used to find the frequency of ferromagnetic resonance. Landau and Lifshitz, in fact, discuss the case of a harmonically varying magnetic field without, however, discussing resonance phenomena.
In 1937 Lifshitz published a paper (6) on the properties of an electron gas in a magnetic field. In that paper he introduced the so-called drift approximation and also derived an expression for the collision integral in a magnetized plasma.
During the War Lifshitz published two important papers (10, 11) on the theory of second-order phase transitions, which supplement Landau's classical work on the subject. There have been radical changes in this theory and in the theory of critical phenomena in the years that followed the publication of these papers. The elucidation of the decisive role played by fluctuations in the immediate vicinity of the critical point, the discovery of similarity properties, and the possibility of calculating critical indices, have made the theory of these phase transitions quite different from the Landau theory. However, the principal points have not only been preserved, but have acquired greater importance. They relate to the connection betw een the nature of the transition and the change in symm etry of the system. The geom etrical sym m etry approach has been retained and this is the reason why L ifshitz's w ork in this field has not lost its value. Before briefly discussing this, we want to stress one other fact. L ifshitz's paper is based on the use of group theory and one should realize that a thorough know ledge of group theory in those days was a rarity and showed a m ore than usually profound m astery of m athem atical techniques.
In his original papers Landau had indicated only one reason for a transition ceasing to be a second-order one: the presence o f cubic terms in the expansion o f the therm odynam ic potential. In that case the transition becom es first-order. However, Lifshitz pointed out that, in fact, there is only a lim ited num ber of possible second-order phase transitions. This is related to the fact that a second-order phase transition is possible only betw een phases possessing different sym m etries where the elem ents of the sym m etry group of the second phase form a subgroup o f the symm etry group o f the first phase. The num ber of possible second-order phase transitions is thus lim ited by the total num ber o f space groups. Lifshitz in his first paper enum erates all possible transitions for the case of Bravais lattices. The follow ing general theorem s illustrate the kind of transitions which are possible, (i) A second-order phase transition can occur for any change in structure which halves the num ber of sym m etry transform ations; such a change may occur either by a doubling of the unit cell for a given crystal class or by a halving of the num ber of rotations and reflections for a given unit cell, (ii) Second-order phase transitions cannot occur for changes in structure that reduce to one-third the num ber of sym m etry transform ations, as this would imply the presence of cubic term s in the therm odynam ic potential.
In the second paper, Lifshitz considers second-order phase transitions in substitutional alloys. He shows that L andau's therm odynam ic theory imposes restrictions that are not always realized in orderdisorder theories such as those by Bethe and Peierls. He poses a question sim ilar to the one in his first paper: for what types o f order in alloys can a Curie point exist, that is, can a second-order phase transition take place? He considers b o d y -c e n tre d -c u b ic , fac e -ce n tre d -cu b ic , and h e x a g o n a l-c lo se -p a c k e d lattic e s, as superstructures are known to occur in those lattices. Using the same technique as in his first paper he then lists all possible transitions.
In L andau's theory of the superfluidity of helium II he devotes a short section to the propagation of sound in helium II. He finds that there are two sound velocities, but does not comm ent any further on this. A few years later, in 1944, Lifshitz discussed sound in helium II in m uch m ore detail (12). In this paper he also coins the terms 'first' and 'second' sound. He discusses in some detail how these two kinds of sound can be generated and points out that it is very difficult to produce second sound by the usual means of producing sound, that is, by a vibrating body. He then suggests that it may be generated by having a surface with a tem perature that fluctuates periodically in time, and points out that in second sound the tem perature vibrations are much stronger than the pressure vibrations. These predictions were verified by Peshkov's experiments after the War.
A part from som e papers on m iscellaneous topics, including tw o (22, 28) on hydrodynam ical subjects with Landau, the remainder of Lifshitz's scientific oeuvre was devoted to two topics: the forces between solid objects, and cosmological problems. In 1948 Casimir, in a paper with Polder the aim of which was to account for anomalous experimental results for forces between colloid particles, had pointed out that retardation effects would modify the forces between molecules and between solid bodies, increasing the index of the attractive London-van der Waals forces by unity. This idea was taken up by Lifshitztogether with Dzyaloshinskii, Pitaevskii, Abrikosova and Deryagin -in several papers (23, 24, 26, 31, 33, 34 ). Lifshitz's idea was that the interaction between the bodies is transmitted through a fluctuating electromagnetic field. Because of thermodynamic fluctuations this field is always present in the interior of a material medium and also extends beyond its boundaries. Of course, at very low temperatures the fluctuations are of a purely quantum nature. The theory was also used to consider properties of thin liquid films on the surface of a solid body as well as forces between bodies separated by a dielectric.
The last group of papers (15, 35-49) deals with various cosmological problems. With Belinskii, Khalatnikov and various other collaborators he considered mostly the general problem of singularities in cosmological solutions. Another topic he investigated was the question of the gravitational stability of the isotropic model, as this model seems to give an adequate description of the present-day state of the universe, considered on a large scale. He found that the situation is quite satisfactory for an expanding universe, but not so satisfactory for a contracting universe. His studies were all based on the Einstein equations in their classical form without a cosmological term.
Of course, a large part of Lifshitz's scientific output is contained in the Course. Many generations of physicists -not only in the U.S.S.R. -have used 'Landau & Lifshitz' in their daily (creative and educational) activity. The complete course which was completed in 1979 consists of ten volumes: mechanics, theory of fields, quantum mechanics, quantum electrodynamics, statistical physics (two volumes: classical and quantum statistics and theory of the condensed state), fluid mechanics, theory of elasticity, electrodynamics of continuous media, and physical kinetics. The idea for this course was conceived in the early 1930s when Landau was in Kharkov, and the early chapters were based on lecture notes. The guiding idea of the course consists of arriving by the shortest path at the solution of specific problems without getting bogged down in arguments and the laying of foundations. It is, however, not just a handbook of mathematical methods. The whole exposition is based on physical concepts, either general ones -such as conservation laws -or model ones, such as a collisionless plasma or a perfect gas.
The course has been internationally acclaimed: it has been translated in its entirety into English, German, French, Japanese, Italian and Hungarian, parts have been translated into Spanish, Portuguese, Serbo-Croatian, Rumanian, Polish, Bulgarian, Chinese, Vietnamese, Greek, Hindi and Slovak.
Evgenii Mikhailovich had a happy life. He dedicated himself to the service of science, and science brought him joy.
Death is always terrible, and especially so when it takes someone active in work and in life. It is quite unbearable when it marks the end of an era. The death of Evgenii Mikhailovich brought to a close the era of Landau & Lifshitz.
'And therefore never send to know for whom the bell tolls; it tolls for thee.' This celebrated passage from John D onne's Devotions express w hat they felt w hen the news came that Evgenii L ifshitz's hours of struggle to survive had ended in defeat. 
